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Abstract 
Pretreatment of cotton fabric with poly(propylene imine) dendrimer enhanced 
its colour strength using C.I. Direct Red 81 and C.I. Direct Blue 78. Application 
of this dendrimer and the direct dye simultaneously on cotton fabric by the 
exhaust and the continuous dyeing method were studied; slight improvements 
in the dyeing results were obtained. Pretreatment of the cotton fabric with den-
drimer in an emulsion form using the pad-dry method followed by continuous 
dyeing markedly increased the color strength. In addition, level dyeing was 
obtained, and no negative effects on the fastness properties of the dyes used 
were observed. 
Keywords: dendrimer, cotton, dyeing, surface modification, direct dyes, 
encapsulation. 
 
 
Accelerating cotton dye uptake with anionic 
dyes (such as direct and reactive dyes) has been 
investigated by several researchers using various tech-
niques. The earliest attempts focused on using salts 
to neutralize the negative charges on cotton fibers 
that are acquired in an aqueous medium [1]. How-
ever, the most recent techniques have been directed 
towards the chemical modification of cotton, such as 
using quaternary ammonium compounds as a cat-
ionic agent to attract the anionic dyes towards the 
fibres [2]. 
In the present study, the goal was to deliver and 
concentrate direct dye molecules on the surface of 
cotton fabrics. Then, as stated by Fick’s first law, the 
rate of dye diffusion increases because of the high 
concentration of dye molecules on the fiber surface 
[3]. To achieve this goal, highly hyper-branched poly-
mers known as dendrimers, capable of encapsulating 
several dye molecules, were considered as dye car-
riers [4]. Dendrimers contain internal cavities and are 
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able to encapsulate the dye molecules inside their 
structure (Figure 1) [5]. 
Dendrimers are highly hyper-branched polymers 
and contain internal cavities, excess branches and a 
number of end groups. The branches of a dendrimer 
are uniform in structure [1]. Generally, dendrimers 
have various generations, sizes and molecular weights, 
which can be controlled during their synthesis. The 
branches of a dendrimer might have different mole-
cular structures, which greatly impacts its chemical 
properties. The dendrimers used in this work contain 
of tertiary amine groups, which are able to give an 
acid-base interaction with acid dyes at low pH. For 
example, a fourth-generation dendrimer with 30 t-
amine groups can absorb up to 30 dye molecules. 
The mining operation is dependence on pH medium 
and at higher pH the dendrimer releases the abs-
orbed dye again. This method is very important in the 
treatment of textile wastewater [6]. 
Dendrimers are seeing application in modifica-
tion of surface properties of polypropylene fibers, 
organic dyes with improved properties and prevent 
damage to external factors such as light, washing, 
UV, etc., to dissolve a hydrophilic dye in a nonpolar 
solvent and extraction of the dye. Dendrimers have 
proven to be feasible for the dyeing of hydrophobic 
fibers such as polypropylene (PP) fibers that cannot F. KHAKZAR BAFROOEI et al.: THE EFFECT OF DENDRIMER ON COTTON…  Chem. Ind. Chem. Eng. Q. 20 (3) 379−385 (2014) 
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be dyed in conventional dyeing processes. In this 
case, a hyperbranched polymer is blended with PP 
and the blend is subsequently spun into fibres. Add-
ing a hyperbranched polymer to polypropylene in 
spinning increases the dye uptake significantly due to 
the polar groups on the hydrophobic fibers [2]. The 
removal of textile dyes from aqueous solutions by 
poly(propylene imine) dendrimer (PPI) is one of many 
applications of dendrimers. Dendrimer and dye con-
centration, salt (inorganic anions), and together with 
pH of the media are effective factors on dye removal. 
The dendrimer is an environmentally friendly adsor-
bent with relatively large adsorption capacity and can 
be a suitable alternative for elimination of dyes from 
colored textile wastewater [6].  
Selective encapsulation of Cy5 dye molecule by 
DNA hybridization in dendrimer/polymer multilayer 
microcapsules is also one of the other applications of 
dendrimers. Encapsulation by dendrimers can be 
applied for many low molecular weight molecules, 
which are usually difficult encapsulate because of 
their diffusion [7]. Amine-terminated generation 5 (G5) 
poly(amidoamine) (PAMAM) dendrimers were used 
as a general drug carrier to encapsulate various 
cancer drugs for targeted therapy of different types of 
cancer [8]. Also, dendrimers alter the color of the 
dyed cotton/polyester blended fabrics. This alteration 
is due to the nanoparticle-sized dendrimer (DWR), 
dendrimer–fluorocarbon (DWOR), and fluorocarbon 
(FWOR) finishing onto their surfaces [9]. 
Dendrimers with amino end group branches can 
be protonated and develop positive charges in acidic 
conditions. Therefore, it is possible to attract and trap 
the anionic dyes in their internal cavity. Because of 
the positive charge of the impregnated dendrimers, 
they can also be attracted to the negatively charged 
cotton fibers in the dye bath. Thus, with this method, 
the dyeing of cotton fibers with anionic dyes might be 
achieved more rapidly and with less salt than nor-
mally needed. 
EXPERIMENTAL 
Throughout this work, C.I. Direct Red 81 (675 
Mw.) and C.I. Direct Blue 78 (1055 Mw.) in com-
mercial form were used. Both dyes are stable in aci-
dic media. The applied dendrimer, PPI (poly[propyl-
ene imine], Figure 2), was the second-generation 
(G2) dendrimer, which is a derivative of Am16decan-
amide8, provided by DSM Business Development 
[10]. 
 
 
Figure 2. The structure of PPI dendrimer (Generation 2). 
The dendrimer (772 Mw.) was terminated by 
hydrophilic groups and hence was soluble in polar 
solvents like water. Woven, desized, scoured and 
bleached cotton fabric was purchased from Borojerd 
textile company and used as received. The colour 
strength of the dyed samples was evaluated by mea-
suring the K/S value using an X-Rite CA22 spectro-
photometer. The Kubelka Munk function, which is 
derived from the reflectance spectra by the Eq. (1), is 
directly related to colorant concentration: 
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where “sub” stands for substrate. The linear relation-
ship of the K–M function against the dye concentration 
as well as its additive nature permits the determi-
nation of the magnitude of each dye concentration in 
any given mixture. 
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Application of dendrimer 
In this work, the dendrimer was used as a pre-
treatment agent and an auxiliary product in the dye 
bath for both the exhaust and continuous methods. 
Exhaust dyeing 
The effect of the dendrimer as a dyeing auxiliary 
on colour strength was examined using a commercial 
direct dye, Solophenyl Red 3BL (C.I. Direct Red 81), 
from Ex-Ciba. 
The results were evaluated and compared with 
a sample dyed with the conventional dyeing method. 
All dyeing was carried out using an Ahiba laboratory 
dyeing machine with profiles shown in Figures 3 and 4. 
Continuous dyeing 
Method 1: One bath continuous dyeing 
The fabrics were padded in a padding machine 
(Konrad Peter AG Liestal - MF25) with the pad liquor 
indicated in Table 1. The padded samples(pick-up 
70%, temp. 25 °C) were dried at 100–110 °C and 
steamed for 30 min at 102 °C in drier salvis AG- TSK. 
Method 2: Continuous dyeing on pretreated samples 
The samples were impregnated using the pad 
liquor indicated in Table 2. The padded samples 
(pick-up 70%, temp. 25 °C) were dried at 100–110 °C 
and steamed for 30 min at 102 °C. 
Table 1. Pad-liquor recipe for method 1 (pick-up 70%, tempe-
rature 25 °C) 
Amount, g/l Material
5.00 Dendrimer
20.00  Dye (C.I. Direct Red 81)
50.00 Urea (NH2CONH2)
10.00 Invadin JFC (wetting and penetrating agent) 
10.00 Fumexol As (anti foaming agent)  
Table 2. Pad-liquor recipe used for the pretreatment of samples 
(pick-up 70%, temperature 25 °C) 
Amount, g/l Material
20.00 g/l Irgasol NA (dispersing agent)
500.00 ml  Water
475.00 g/l White sprite 
5.00 g/l PPI dendrimer
The pretreated samples were then dyed conti-
nuously with the pad liquor described in Table 3 (pick-
up 70%, temp. 25 °C). 
According to the positive results obtained on the 
pretreated samples, two direct dyes with different 
chemical constitutions – Solophenyl Red 3BL (C.I. 
Direct Red 81) and Solophenyl Blue 7GL (C.I. Direct 
Blue 78) from Ex-Ciba – were used. 
95 ºC                                     1hr  
 
 
                                  2 ºC/min 
 
                                                                Cold rinse   
30 ºC 
 
0.50 %   Dendrimer    2.00 % Dye 
2.00 g/l      ammonium sulphate 
X ml/l acetic acid (pH = 5)                                                         L:G = 30:1   
Figure 3. Exhaust dyeing method in acidic conditions. 
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Table 3. Pad-liquor recipe used for dyeing pretreated samples 
with method 2 (pick-up 70%, temperature 25 °C) 
Amount, g/l Material 
20.00 Dyes (C.I. Direct Red 81, C.I. Direct Blue 78) 
50.00  Urea 
10.00 Invadin JFC 
10.00 Fumexol As 
RESULTS AND DISCUSSION 
Exhaust dyeing method 
As shown in Figure 5, no pronounced effect was 
obtained for the dendrimer used as an auxiliary in 
conjunction with the anionic dye in the dye bath. 
Exhaust dyeing had a slight effect on color strength. 
The lower color strength achieved while dyeing in aci-
dic conditions might be due to encapsulation of the 
dye molecules inside the dendrimer cavities in such a 
way that they could not be released. 
K/S values of different methods in λmax are as 
follows: 
In presence of salt and dendrimer in neutral 
condition: 19. 
Without dendrimer in presence of salt in neutral 
condition: 16. 
In presence of dendrimer in neutral condition 
without salt: 10. 
Without dendrimer without salt in acid condition: 9. 
In presence of dendrimer in acid condition 
without salt: 3. 
Improving the percentage of K/S when dendri-
mer was used, in presence of salt in neutral condition 
of this method was 18.75%. The percentage of K/S is 
given by Eq. (3): 
Percentage of K/S = [K/S(with dendrimer) –  
- K/S(without dendrimer)] / K/S(without dendrimer)  (3) 
As indicated in Figure 6, no noticeable differen-
ces in the rate and extent of dyeing occurred from the 
use of dendrimer in the dye bath. 
Continuous dyeing method 
According to Figure 7, the presence of dendri-
mer in the pad liquor in neutral conditions had no 
marked effect on the colour strength, and no level 
dyeing was observed.  
K/S values of different methods in λmax = 520 nm 
are as follows: with dendrimer: 13.5; without 
dendrimer: 12. 
The improving percentage of K/S in this method 
was 12.5%. 
Figure 8 shows the effect of pretreatment of the 
cotton fabric with dendrimer in an emulsion form 
(method 2), followed by continuous dyeing with two 
dyes. The colour strength of the cotton fabric pre-
treated with dendrimer emulsion was considerably 
higher than the untreated one. Pretreatment of the 
cotton fabric with dendrimer in an emulsion form was 
the best method. Therefore, this experiment was only 
carried out on C.I. Direct Blue 78, which gave satis-
factory results. 
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Figure 5. The effect of the dendrimer on the colour change of the dyed samples (exhaust dyeing, dyeing time: 1 h). F. KHAKZAR BAFROOEI et al.: THE EFFECT OF DENDRIMER ON COTTON…  CI&CEQ 20 (3) 379−385 (2014) 
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Figure 6. The effect of the dendrimer and the time of dyeing on the colour strength of the dyed samples in neutral conditions with salt. 
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Figure 7. The effect of the dendrimer on the colour strength. 
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Figure 8. The effect on the dyeing results of dendrimer in an emulsion form as a pretreatment agent. F. KHAKZAR BAFROOEI et al.: THE EFFECT OF DENDRIMER ON COTTON…  CI&CEQ 20 (3) 379−385 (2014) 
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K/S values of different methods in λmax 520 and 
570 nm for Red and Blue dye, respectively, are as 
follows: 
With dendrimer, Red dye: 21.5 
Without dendrimer, Red dye : 17.5 
With dendrimer, Blue dye: 21.5 
Without dendrimer, Blue dye: 16 
Improving percentages of K/S in this method for 
Red and Blue dye were 22.86 and 34.37%, respec-
tively. The fastness properties of the dyed samples 
were also evaluated. Light fastness of samples was 
measured using xenon light fastness tester model 
B02. Crock-O meter and Launder-O meter testing 
machines were used to assess the samples rubbing 
and washing fastnesses. As noted in Table 4, slight 
improvements in the rubbing, washing and wet 
fastnesses were achieved. 
Dyeing with method 2 showed higher colour 
strength and an improvement in level dyeing com-
pared with method 1. The reason for unlevel dyeing 
using method 1 might be due to the aggregation of 
dendrimer molecules in the dye bath, an explanation 
that has been proposed by other researchers [11]. 
The use of the dendrimer in an emulsion form 
(method 2) prevented the aggregation of dendrimers, 
and level dyeing and satisfactory color strength were 
achieved as a result. Application of the dendrimer in 
emulsion form creates additive functional groups on 
fabric surface and thus there are more places for 
adsorption of dye on cotton surface than using the 
usual cotton surface. The dye is a guest encapsulate 
within the dendrimer achieving dyeing with high color 
strength. 
CONCLUSIONS 
The use of PPT dendrimer in the dye bath when 
the exhaust method was used showed only a slight 
improvement in color strength, whereas in neutral 
conditions, higher color strength was achieved com-
pared with acidic media. It seems that the protonated 
dendrimer in acidic media encapsulated the dye 
molecules inside its cavities and so decreased the 
affinity of the dye molecules towards the fiber. The 
use of dendrimer in this method changes the rate and 
extent of dyeing. 
Application of the dendrimer in pad liquor using 
the continuous dyeing method (pad steam) had a very 
slight effect on the dyed samples, whereas applica-
tion of the dendrimer in an emulsion form as a pre-
treating agent, followed by the continuous dyeing 
method (pad steam), had a pronounced effect on the 
color strength of the dyed samples. Improving per-
centages of K/S in this method for Red and Blue dye 
were 18.60 and 25.58%, respectively. Addition of 
functional groups on fabric surface by application of 
dendrimer in emulsion form creates many places for 
adsorption of dye on the cotton surface. The dye is a 
guest encapsulate within the dendrimer achieving 
dyeing with high color strength. Proper level dyeing 
with no negative effect on fastness properties was 
also achieved. 
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NAUČNI RAD 
   UTICAJ DENDRIMERA NA BOJENJE PAMUKA 
DIREKTNIM BOJAMA 
Predtretman pamučne tkanine pomoću poli(propilen-imin)dendrimerom poboljšava jačinu 
obojenja pomoću C.I. Direct Red 81 i C.I. Direct Blue 78. U ovom radu je proučavan simul-
tana primena ovog dendrimera i direktne boje na pamučnu tkaninu iscrpljivanjem boje i 
metodom kontinualnog bojenja, pri čemu je bojenje malo poboljšano. Predtretman pamu-
čne tkanine pomoću dendrimera u obliku emulzije se sprovodi metodom fulardovanje-su-
šenje, nakon čega sledi kontinualno bojenje, značajno povećava jačinu obojenja. Pored 
toga, dobijen je nivo obojenja, pri čemu nisu uočeni negativni efekti na trajnost osobina 
boja koje se koriste. 
Ključne reči: dendrimer, pamuk, bojenje, modifikacija površine, direktno bojenje, 
enkapsulacija. 
 
 